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Abstract: The kinetic parameters of soil urease have attracted considerable attention; however, little information is available on its
kinetic parameters and behaviors in response to azadirachtin application to the soil. A short (14-day) field experiment was conducted
using Albic Luvisol soil (loam texture; pH 6.70; electrical conductivity 0.81 dS m–1; CaCO3 content 0.04%; total organic carbon 0.99%)
as the experimental soil in the Perm region of the Russian Federation to investigate the effects of different azadirachtin application doses
on soil urease activity and its kinetic behaviors. The results showed that the highest urease activity was found under high azadirachtin
application doses (0.6 L ha–1) compared to the control (0 L ha–1), recommended (0.3 L ha–1), and low (0.15 L ha–1) azadirachtin application
doses at all different incubation times (1, 2, 3, 6, and 12 h). Soil urease enzymes exhibited typical Michaelis–Menten kinetic behaviors;
high azadirachtin application doses increased the substrate affinity constant (KM) and decreased the maximum reaction rates (Vmax) of
soil urease. As compared to the control azadirachtin application dose, the low azadirachtin application dose increased the Vmax of soil
urease; however, with low and recommended application doses, the Vmax of soil urease decreased. Overall, in this study, all azadirachtin
application doses were effective in influencing the kinetic behavior of urease in Albic Luvisol.
Key words: Azadirachtin, kinetic parameters, pesticide, urease, Vmax, KM, Vmax/KM

1. Introduction
Intensive agriculture has shown spectacular success over
the last few decades due to the use of various inputs such as
fertilizers and pesticides, along with high-yielding varieties
of crops (Chowdhury et al., 2008). Pesticides are the only
group of chemicals that are deliberately applied to the
environment with the aim of suppressing plant pests and
protecting agricultural produce. However, the majority of
pesticides do not target only pests, and their application
influences nontarget plants as well. Moreover, eventually,
there is a build-up of pesticide resistance within the target
species (Agyaro et al., 2006). Unfortunately, pesticides
belong to the group of xenobiotics, that is, man-made
organic chemicals that mimic organic chemicals that are
important to sustain life; however, their properties and
features are extraneous to living organisms and therefore
not recognized by them (Gianfreda and Rao, 2011). The
negative effects of pesticides on the environment have
* Correspondence: ridvank@omu.edu.tr
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prompted the search for alternative means of pest control
(Powers et al., 1993; Sarathchandra et al., 1996; Agyaro
et al., 2006). An ideal pesticide should be toxic only to
the target organism and biodegradable, and its residue
should not affect nontarget surfaces (Chowdhury et al.,
2008). One such ideal alternative is the use of natural plant
products that have pesticidal activity, such as azadirachtin
(Akça et al., 2005). Azadirachtin possesses insecticidal
activity against many economically important insect pests
such as Helicoverpa armigera, Spodoptera litura, Plutella
xylostella, Sitophilus oryzae, Sitophilus zeamis, Earis vitella,
Aphis gossypii, Bemicia tabaci, and Pectiniphora gossypiella,
and nematodes like Cosmopilitis sordidus. The belief that
such natural insecticides are safe or less damaging to the
ecosystem also needs to be further validated, as their
effect on nontarget organisms is reportedly very close to
threshold chronic toxicity (Schmutterer and Singh, 2002;
Gopal et al., 2007).
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2. Materials and methods
2.1. Experimental field and climate
The field experiment was conducted at the Experimental
Station of Perm State Agricultural Academy, Perm,
Russia (57°56′00″N, 56°14′59″E) at an altitude of 127 m
above mean sea level. The experimental area has a typical
perhumid climate (Rf = 213.6), with temperatures ranging
from –33.1 °C in February to 32.5 °C in July. The annual
mean temperature is 2.9 °C, and the annual precipitation
is 619.5 mm. The data on climatic parameters such as
precipitation and temperature during the experiment are
shown in Figure 1.
2.2. Soil
The soil at the experimental site is loam (31.4% sand, 45%
silt, and 23.6% clay). A composite surface soil sample from
0–20 cm depth was collected from the experimental site
before initiating the experiment and was analyzed for
physicochemical properties according to Rowell (1996)
and Jones (2001). Soil samples were initially air dried at
room temperature and subsequently sieved with a <2mm screen. The basic physicochemical characteristics of
the soil are as follows: pH (1:1, soil:water): 6.70; electrical
conductivity (1:1, soil:water): 0.81 dS m–1; CaCO3 content:
0.04%; total organic carbon: 0.99%; total nitrogen (Kjeldahl
N): 0.086%; available phosphorus (0.5M NaHCO3
extractable P): 13.34 mg kg–1; and exchangeable potassium
(1 N NH4OAc extractable K): 538.98 mg kg–1. The soils
had no history of receiving any pesticide treatment in the
6 months prior to this study. The experimental soil was
classified as “Albic Luvisol” according to the FAO (2006).
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In soil, enzyme activities play a predominant role in
nutrient cycling and soil fertility. Soil enzymes contribute
to the overall biological activity in the soil environment
under different states (Dick, 1997) because they are
intimately involved in catalyzing reactions necessary for
organic matter decomposition, nutrient cycling, energy
transfer, and environmental quality (Yang-Fang et al.,
2004). Information on soil enzyme activities used to
determine soil microbiological characteristics is very
important for soil quality and health. Enzymatic activities
caused by soil microbial activities are sensitive indicators
for detecting the changes occurring in soils (Tabatabai,
1994; Kızılkaya et al., 2004; Khah et al., 2015).
Urease is the commonly used group name for enzymes
that catalyze the hydrolysis of urea in aerobic conditions
by acting on C–N bonds (nonpeptide) in linear amides.
These enzymes are classified as urea amide hydrolases
E.C.3.5.1.5 (Riethel, 1971). Urease activity in soil is
attributed to extracellular enzymes and the enzymes
within proliferating microorganisms (Bremner and
Mulvaney, 1978; Kızılkaya and Ekberli, 2008). Moreover,
urease activity in soil is affected by the physicochemical
properties and agricultural practices of the soil (Kızılkaya
and Bayraklı, 2005). Although the hydrolytic efficiency
of soil urease enzymes may be strongly influenced by the
composition of the surroundings directly or indirectly,
insecticides, as extraneous matter to soil component pools,
can affect the behavior of soil urease enzymes (Sannino
and Gianfreda, 2001; Yao et al., 2006). Therefore, changes
in soil urease activities may be indicative of and extremely
sensitive to changes in soil health (Bremner and Mulvaney,
1978; Dick and Tabatabai, 1992; Jordan et al., 1995). Kinetic
parameters of soil urease enzyme (Vmax and KM) imply
splitting the velocity of enzyme–substrate complexes into
enzyme and reaction products and reflect the conjunction
affinity between enzyme and substrate (Paulson and
Kurtz, 1970; Aliev et al., 1984). Measuring the kinetic
parameters of soil urease activity under pesticide-treated
soil will further enable the understanding of changes in
the substrate affinity and the catalytic activity (Tabatabai,
1973; Speir et al., 1999; Ekberli et al., 2006). Considerable
information is available on the relationship between
synthetic pesticide application and soil enzyme activities
(Khabirov, 1990; Shaffer, 1993; Sannino and Gianfreda,
2001; Gianfreda and Rao, 2011) in laboratory, greenhouse,
and field conditions; however, very few studies have
focused on the activities and kinetic properties of urease
activities in soil treated with natural plant products, such
as azadirachtin-treated soils.
This study aims to evaluate the effects of azadirachtin
on urease activity and its kinetic parameters in soil by
conducting a field experiment.

Experimental period (Dates in 2011)

Figure 1. Climatic data in Perm, Russia during the experiment.

977

KIZILKAYA et al. / Turk J Agric For
2.3. Azadirachtin (C35H44O16)
The azadirachtin (NeemAzal–T/S) was imported by VITVerim Insaat, Turkey. This insecticide (10 g azadirachtin
L–1) was used as a technical-grade chemical and added to
the soil. Recommended azadirachtin application dose to
control insect pests is 0.25–0.30 L ha–1, according to Akca
et al. (2009).
2.4. Field experiment
This experiment was conducted to determine the effects
of azadirachtin contamination on soil urease activity
and its kinetic parameters under field conditions. The
experimental design was a randomized plot design with
3 replications, and was established on 26 June 2011.
In the Perm region, it is common to use pesticides to
control insect pests during the months of June and
July under its conditions of climatic and agricultural
practices. The area of each plot was 1 × 1 m. The soil
treatments were as follows: (1) control: 0 L azadirachtin
ha–1; (2) low application doses: 0.15 L azadirachtin ha–1;
(3) recommended application doses: 0.30 L azadirachtin
ha–1; and (4) high application doses: 0.60 L azadirachtin
ha–1. In order to enable homogeneous application of
azadirachtin to the soil, azadirachtin was mixed with 2.5 L
of water per m2. Azadirachtin solution was sprayed on the
soil surface with a backpack sprayer (operating pressure
4 × 105 Pa). In addition, no plants were grown in any of
the plots. Changes in the urease activities were determined
by examining the soil samples taken 14 days after the field
experiment was conducted. In soil, extracellular urease
enzyme is rapidly adsorbed to a matrix structured by
different amounts and types of humic substances as well as
clays, and most KM (Michaelis constant) values therefore
vary over a range somewhere between 1.3 and 590 mM,
depending on physicochemical properties of the soil and
agricultural input such as wastes, fertilizers, and pesticides
into the soil. Considering the effect of azadirachtin on
soil biological properties (Akca et al., 2005), stability
and persistence of soil urease (Bremner and Mulvaney,
1978), and agricultural conditions such as soil properties
and application range of pesticides (Cervelle et al., 1976;
Martens et al., 1992), the sampling date was established as
14 days.
2.5. Soil sample preparation
Field-moist soil samples were collected only from the
surface layer (0–5 cm in depth) and brought to the
laboratory in properly labeled and sealed polythene bags.
The sieved soil samples (using a <2-mm screen) were
homogenized and stored in polyethylene boxes at 4 °C
until the analyses were conducted. These acclimatized soil
samples were used for analyzing urease activity.
2.6. Assay of urease activity
Urease converts 1 mole of urea to 2 moles of ammonia
and 1 mole of CO2. Urease (EC 3.5.1.5) activity was
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measured using the method developed by Hoffmann and
Teicher (1961). To determine urease activity, 0.25 mL of
toluene, 0.75 mL of citrate buffer (pH 6.7), and 1 mL of
urea substrate solution were added to 1 g of each of the
soil samples; these samples were subsequently incubated
at 37 °C. The formation of ammonium was determined
spectrophotometrically at 578 nm and the results were
expressed as µg N g–1 dry soil. All the determinations of
urease activities were performed in triplicate, and all the
reported values were the averages of the 3 determinations
expressed on the basis of oven-dried soil (105 °C).
2.7. Determination of urease kinetics
Kinetic parameters were determined by using 8 different
concentrations of the substrate urea, varying from
unsaturated to saturated conditions: 0, 0.833, 1.675, 3.330,
6.661, 9.991, 13.211, and 16.651 M (corresponding to 0%,
5%, 10%, 20%, 40%, 60%, 80%, and 100%, respectively) each
at different incubation times (1, 2, 3, 6, and 12 h) at 37 °C.
The kinetic parameters Vmax (maximum enzyme velocity)
and KM (substrate affinity constant) were measured using
the Michaelis–Menten equation (Cornish-Bowden, 1976;
Michaelis and Menten, 1913; Schnell and Maini, 2003),
which is expressed as follows:

v0 =

Vmax [S ]0 .

K M + [ S ]0

(1)

The Vmax and KM parameters in Eq. (1) were determined
by using the STATISTICA 6 software program. In Eq. (1),
v0 is the enzyme initial reaction rate, Vmax is the maximum
enzyme reaction velocity (Vmax = k2 [E]0), [S]0 is the initial
substrate concentration, [E]0 is the enzyme concentration,
k2 is the maximum substrate molecule number that
is converted into substrate in a second by an enzyme
molecule and is termed the conversion number (or activity
number), and KM is the Michaelis–Menten constant. KM
indicates the affinity of urease to its specific substrate urea,
and provides the substrate concentration at which the
reaction rate reaches half of its maximum value (Vmax/2).
The KM constant is regarded as the substrate
concentration, and its reaction velocity is semimaximum.
It is also regarded as an affinity measure (inclination,
power, and attention) of attachment to enzyme; a small KM
value shows high affinity. In other words, the KM constant
expresses that enzyme reaction velocity reaches Vmax faster
(Lehninger et al., 2005). Moreover, it is also possible to
calculate the necessary substrate [S]0 concentration in
order to reach maximum Vmax velocity if the KM value of
any enzymatic reaction is known. Vmax/KM rate indicates
how productive the enzyme is in converting substrate into
product. At the settings in which the Vmax/KM rate is high,
the enzymes are termed “superproductive”.
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2.8. Statistical analysis
All data were analyzed using SPSS 11.0 (SPSS Inc.).
Analysis of variance (ANOVA) was carried out using
2-factor randomized complete plot design; where
significant F-values were obtained, differences between
individual means were tested using the LSD (least
significant difference) test, with a significance level of P <
0.01. All figures presented include standard deviations of
the data and F-values. The asterisks *, **, and *** indicate
significance at P < 0.05, 0.01, and 0.001, respectively.
3. Results and discussion
Pesticides and other xenobiotic substances may present
direct (either reversible or irreversible) and indirect
effects on enzyme activities in soil (Kızılkaya and Arcak,
1996). Although pesticide molecules are not deliberately
synthesized to inhibit enzymes, a direct reversible inhibition
of enzyme activities in soil may occur because of reversible
interactions of the pesticide with soil enzymes, resulting
in possible competitive and/or noncompetitive substrate
inhibition or alteration of the protein conformation. If the
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pesticide molecule is degraded in intermediate metabolites
by biotic or abiotic transformation, a similar effect could
be shown by its degradation products. On the other hand,
indirect effects are the consequence of the influence that
pesticides may have on soil microbial populations and their
activity. Pesticides may induce detectable changes in size,
structure, and functionality of the microbial community,
thereby altering life functions, dynamics, and biodiversity
of soil organisms (Kızılkaya and Aksoy, 1999; Gianfreda
and Rao, 2011).
In this study, azadirachtin was introduced in the soil
in increasing doses of 0, 0.15, 0.30, and 0.60 L ha–1 in the
field experiment. This was done in order to determine the
change that the introduction of azadirachtin creates in the
urease activity of the soil and in the kinetic parameters
of urease enzyme after 14 days. The findings obtained at
different substrate concentrations are shown in Figure 2.
The results indicated that azadirachtin increases urease
activity in the soil according to application, and the
highest increase in urease activity was found at the highest
application dose (0.60 L ha–1).
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Figure 2. Changes in urease activity in the soil, depending on the incubation time (t = 1, 2, 3, 6, and 12 h), the concentration
substrate, and azadirachtin application doses: (A) – control; (B) – 0.15 L ha–1; (C) – 0.30 L ha–1; (D) – 0.60 L ha–1.
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Considerable research has been conducted regarding
the effects of pesticides on soil enzyme activities (Gianfreda
et al., 1995; Megharaj et al., 1999; Sannino and Gianfreda,
2001; Yao et al., 2006), and the findings suggest that the
responses of soil enzymes to different pesticides vary. YangFang et al. (2004) found that although mefenacet strongly
inhibited soil urease activity in a concentration-dependent
manner, it stimulated phosphatase activity. Unfortunately,
since azadirachtin is a newer pesticide, there is no extant
information regarding its influence on intracellular and/or
extracellular enzymes in soil. The present study indicates
that increasing doses of azadirachtin stimulated urease
activities instead of inhibiting them.
In general, as compared to the control treatment, low
doses of azadirachtin application yielded low amounts
of urease activity, whereas high doses of azadirachtin
application yielded high amounts of urease activity. The
reason for the stimulating effects of azadirachtin on urease
activity at all application doses can be attributed to the
effects of pesticide degradation of azadirachtin, such as diand triterpenoidal compounds (Sing, 1991), which hinder
the use of azadirachtin as a substrate and energy source. A
pesticide has 2 effects on soil microflora and their activities.
First, because of its physiological activity, a pesticide can
influence the microorganisms that are responsible for its
degradation. This action may also influence the organisms
that are involved in the degradation of other substances.
Second, a pesticide also acts as a substrate for the soil
microflora. In fact, its degradation may supply certain
organisms with the carbon, the energy, and occasionally,
the nitrogen that is necessary for their growth. In any
case, the most important consequences of these 2 aspects
essentially appear in relation to pesticide degradation
(Simon-Sylvestre and Fournier, 1979; Akça et al., 2005).
While determining the level of urease activity in
the soil, we found that urease activity increased as the
incubation time increased. In all azadirachtin applications,
the highest urease activity was obtained for the 12-h
incubation period. Similarly, we found important increases
in the urease activity as the concentration of the substrate
solution increased; a slight increase was also registered in
urease activity for substrate concentrations above 3.329 M
(20% urea).
Urease activity at all incubation times, control
applications (Figure 2), substrate concentration of 20%
(3.329 M urea), and low, suggested, and high azadirachtin
application doses showed a fixation tendency at substrate
concentrations of 10% and 20%.
Both effect mechanisms and effectors of enzymes such
as inhibitors or activators affected urease enzyme activity.
Determination of kinetic parameters such as Vmax and KM
is important for revealing these effects transparently. For
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determining these parameters, first, the initial velocity
(v0) of the reaction that the enzyme catalyzed should
be determined. One of the basic problems of enzyme
kinetics is that the value of initial velocity (v0) of enzyme
is determined according to time. Determining the initial
velocity is quite important for preventing various factors
from affecting the kinetics of enzyme reaction. The
probability that undesirable factors will affect the reaction
in the beginning is quite low; however, this problem can
be resolved by using 2 different methods, one of which is
an empirical (graphic and differential) method and the
other an analytical method. The results obtained using the
analytical method are more accurate than those obtained
using the empirical method. After determining the
equation of the kinetic curve by using the experimental
data, the value of the initial velocity can be easily found
by using the following expression: v 0 = d [ P(t)] / dt
t=0

(Cornish-Bowden, 1976; Aliev et al., 1984; Mikayilov,
2011).
In order to determine the initial velocity (v0) of urease
enzymes, different doses of azadirachtin were applied
to the soil. Subsequently, the kinetic curve, v = [P(t)],
was obtained from the urease activity results (Figure 2),
which were determined on the basis of soil samples taken
from parcels at increasing substrate concentrations and at
different incubation periods. Following this, the analytical
expression of this kinetic curve for each substrate
concentration was determined by using the STATISTICA
6 software program. It was found that the most suitable
model was a hyperbolic model, as expressed by Eq. (2):
P (t ) =

at
.		
b +t

(2)

a, b parameters and hyperbolic model parameters in
Eq. (2) and the initial velocities (v0) of enzyme reactions
were calculated using Eq. (3):

v0 =

dP
dt

a
= .
b
t=0

(3)

After azadirachtin applications, a hyperbolic
relationship between substrate concentration and
initial value (v0) was determined at the control level and
increasing levels of application. The results indicated that
the beginning value increased (Figure 3) according to the
increase in substrate concentration, and it stabilized at
substrate concentrations greater than 3.3 M (Figure 3).
By using the beginning velocity values in Figure 3, the
kinetic parameters of urease enzyme (Vmax, KM, and Vmax/
KM) were determined; the results obtained are presented
in the Table.
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Figure 3. Change in the initial velocity (v0) of urease enzyme reaction according to
substrate concentration (M) and azadirachtin application doses.

Table. Kinetic parameters and kinetic model accuracy.
Azadirachtin
application doses

Vmax

Control, 0 L ha–1

η

σ

–ε
%

9.8493

0.9418

0.5866

10.82

0.2958

15.9064

0.9782

0.3615

5.13

4.3266

0.4143

10.4429

0.9783

0.3295

6.22

4.3105

0.4780

9.0187

0.9892

0.2291

4.37

KM
M

Vmax/KM

4.5567

0.4626

Low doses, 0.15 L ha–1

4.7058

Recommended doses, 0.30 L ha–1
High doses, 0.60 L ha–1

µ mol N
h·gram dry soil

µmol N
h·gram dry soil· M

η the correlation ratio;
σ standard error of the estimate;
–ε the average relative error of approximation.

Vmax shows the velocity of decomposition of enzyme–
substrate complex into enzyme and reaction products.
The value of Vmax is a potential indicator that indicates the
speed of the enzymatic processes in the soil; the higher the
value, the faster the process and vice versa (Paulson and
Kurtz, 1970). The maximum Vmax value was obtained at
the low azadirachtin application dose (0.15 L ha–1). This
situation shows that urease activity processes at low doses
of azadirachtin application occur more quickly than those
at the control dose and other dose applications.
KM expresses the strength of enzyme–substrate
complex. If the KM value is high, the strength of the
enzyme–substrate complex is low. If the KM value is low,
the strength of the enzyme–substrate complex is high
(Masciandaro et al., 2000). KM value was obtained at
the low azadirachtin application dose (0.15 L ha–1). This
reveals that the strength of the enzyme–substrate complex

at low azadirachtin application doses is greater than that at
the control dose and other application doses.
Vmax/KM expresses the comparison of product
constitution from this complex, which occurs when
enzyme–substrate complex occurs in the soil. A high Vmax/
KM rate shows that the dispersion of enzyme–substrate
complex is quicker than the constitution of this complex
(Masciandaro et al., 2000). In the field experiment, the
highest Vmax/KM rate was obtained at the low azadirachtin
application dose (0.15 L ha–1). This reveals that enzyme–
substrate complex occurring at low azadirachtin doses
forms products more quickly than at the control dose and
the other application doses.
The ratio Vmax/Kм (so-called ferment efficiency)
determines the urease hydrolysis rate
urease
CO ( NH 2 )2 + H 2O ⎯+⎯⎯
H O→ 2NH 3 +CO2
2
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at realistic substrate concentrations. Using a 0.15 L ha–1
azadirachtin dose led to the increase of the urease ferment
efficiency in soil by about 1.5-fold as compared with the
control and with higher doses of azadirachtin (Table).
The variances in kinetic parameters of urease occur
as a result of an increase in Vmax, KM, and Vmax/KM due to
variations in physicochemical properties of the soil (Dick
et al., 1994), agricultural practices such as fertilizer and
pesticide use (Gianfreda et al., 1994), and synthesis of
urease enzyme by increasing microbial population. Urease
activity showed a positive correlation with N availability,
which indicated that this enzyme can be used to make
some inferences about the nitrification process in soil and
determine if N losses are due to volatilization, nitrification,
or denitrification (Kujur and Kumar Patel, 2014). Urease
has been widely used for soil quality assessment, since its
activity increases with organic fertilization and decreases
with synthetic pesticide application on soil (Gianfreda et
al., 1994). Further, its stability is affected by organomineral
complexes and humic substances (Makoi and Ndakidemi,
2008). Soil urease enzymes exhibited typical Michaelis–
Menten kinetic behaviors, and high azadirachtin doses
increased the KM and decreased the maximum reaction
rates (Vmax) of soil urease. As compared to the control, the
low azadirachtin application dose increased the Vmax of soil
urease; however, with low and recommended application
doses, the Vmax of soil urease decreased. Vmax/KM has been

considered as an index of the catalytic capacity of enzyme
through enzymatic reactions. The highest Vmax/KM rate was
obtained at the low azadirachtin application dose, indicating
an increase of catalytic ability in the urease enzyme.
We conclude that there exists a strong relationship
between soil urease activities and the application of
natural plant products such as azadirachtin in shortterm field experiments. Moreover, activities of soil urease
enzymes that are sensitive to pest control practices may
have the potential to be used as indicators of soil quality
and sustainability. Additionally, all kinetic parameters
that were adaptive in Albic Luvisol (Perm, Russia) can be
used as indicators for monitoring soil health and quality.
Despite the fact that only one type of soil was studied in
this research, the results obtained are of significance for
drawing reliable conclusions of general interest, which
are presumably extendable to other soils and agricultural
management practices.
Acknowledgments
We extend our heartfelt gratitude for the financial support
from Ondokuz Mayıs University of Samsun, Turkey (PYO.
ZRT.1901.12.004), the Ministry of Education and Science
of Russia (No. 5.885.2014/K), Grant of President of Russian
Federation (No. MK-6827.2015.4) and by RFBR, research
project No. 15-35-21134. We would also like to thank Dr
Yakov Pachepsky for the fruitful discussion.

References
Agyaro K, Kwakye P, Bonsu M, Ose BA, Asare Donkor N, Amanor
E (2006). Breakdown of azadirachtin A in a tropical soil
amended with neem leaves and animal manures. Pedosphere
16: 230–236.

Dick RP (1997). Soil enzyme activities as integrative indicators of soil
health. In: Pankhurst CE, Double BM, Gupta VVSR, editors.
Biological Indicators of Soil Health. Wallingford, UK: CAB
International, pp. 121–156.

Akça I, Kutluk Yılmaz ND, Kızılkaya R (2005). Effects of azadirachtin
on beet soilborne pomovirus and soil biological properties on
sugar beet. J Environ Sci Heal B 40: 285–296.

Dick RP, Samdor JA, Eash NS (1994). Soil enzyme activities after
1500 years of agriculture in the Colca Valley, Peru. Agric
Ecosys Environ 50: 123–131.

Akca I, Tuncer C, Guler A, Saryhan, I (2009). Residual toxicity
of 8 different insecticides on honey bee (Apis mellifera
Hymenoptera: Apidae). J Anim Vet Adv 8: 436–440.

Dick WA, Tabatabai MA (1992). Significance and potential uses of
soil enzymes. In: Metting Jr, FB, editor. Soil Microbial Ecology:
Applications in Agricultural and Environmental Management.
New York, NY, USA: Marcel Dekker, pp. 95–225.

Aliev SA, Haciyev DA, Mikayilov FD (1984). Kinetic and
thermodynamic characteristics of enzyme–invertase and
urease in Azerbaijan soils. Eur Soil Sci 11: 55–66.
Bremner JM, Mulvaney RL (1978). Urease activity in soils. In: Burns
RG, editor. Soil Enzymes. New York, NY, USA: Academic
Press, p. 149–196.
Cervelle S, Nanipieri P, Giovanninni G, Perna A (1976). Relationships
between substituted urea herbicides and soil urease activity.
Weed Res 16: 365–368.
Chowdhury A, Pradhan S, Saha M, Sanyal N (2008). Impact of
pesticides on soil microbiological parameters and possible
bioremediation strategies. Indian J Microbiol 48: 114–127.
Cornish-Bowden A (1976). Principles of Enzyme Kinetics. London,
UK: Butterworth.

982

Ekberli İ, Kızılkaya R, Kars N (2006). Urease enzyme and its kinetic
and thermodynamic parameters in clay loam soil. Asian J
Chem 18: 3097–3105.
FAO (2006). World Reference Base For Soil Resources. A framework
for international classification, correlation and communication.
World Soil Resources Report No. 103. Rome: FAO.
Gianfreda L, Sannino F, Ortega N, Nanipieri P (1994). Activity of free
and immobilized urease in soil: effects of pesticides. Soil Biol
Biochem 26: 777–784.
Gianfreda L, Rao MA (2011). The influence of pesticides on soil
enzymes. In: Shukla G, Varma A, editors. Soil Enzymology. Soil
Biology Series No. 22. Berlin/Heidelberg, Germany: Springer
Verlag, pp. 293–312.

KIZILKAYA et al. / Turk J Agric For
Gianfreda L, Sannino F, Violante A (1995). Pesticide effects on
the activity of free, immobilized and soil invertase. Soil Biol
Biochem 27: 1201–1208.
Gopal M, Gupta A, Arunachalam V, Magu SP (2007). Impact of
azadirachtin, an insecticidal allelochemical from neem on
soil microflora, enzyme and respiratory activities. Bioresource
Technol 98: 3154–3158.
Hoffmann GG, Teicher K (1961). Ein kolorimetrisches verfahren zur
bestimmung der urease aktivitat in böden. Z Pflanzenernähr
Düng Bodenk 91: 55–63.
Jones JB Jr (2001). Laboratory Guide for Conducting Soil Test and
Plant Analysis. Washington, DC, USA: CRC Press.
Jordan D, Kremer RJ, Stanley L, Bergfield WA, Kim KY, Cacnio VN
(1995). An evaluation of microbial methods as indicators of
soil quality in long-term cropping practices in historical fields.
Biol Fertil Soils 19: 297–308.
Khabirov IK (1990). Kinetics and thermodynamics of the hydrolysis
reaction of 14C-labelled carbamide in the Pre-Urals soils. Eur
Soil Sci 8: 83–94.
Khah SJ, Nael M, Sinejani AAS, Asadian, G, Nik KS (2015). The
effects of vegetation type on selected soil quality indicators in
a semiarid rangeland in Hamedan, Iran. Eurasian J Soil Sci 4:
70–75.
Kızılkaya R, Aksoy HM (1999). Determination of the effects of
pesticides on the growth of different Bacillus spp. J Agric Fac
Ondokuz Mayis Univ 14: 76–87.
Kızılkaya R, Arcak S (1996). The effect of trifluraline on nitrification.
J Agric Fac Ondokuz Mayis Univ 11: 145–154.
Kızılkaya R, Aşkın T, Bayraklı B, Sağlam M (2004). Microbiological
characteristics of soils contaminated with heavy metals. Eur J
Soil Biol 40: 95–102.
Kızılkaya R, Bayraklı B (2005). Effects of N-enriched sewage sludge
on soil enzyme activities. Appl Soil Ecol 30: 192–202.
Kızılkaya R, Ekberli I (2008). Determination of the effects of hazelnut
husk and tea waste treatments on urease enzyme activity and
its kinetics in soil. Turk J Agric For 32: 299–310.
Kujur M, Kumar Patel A (2014). Kinetics of soil enzyme activities
under different ecosystems: an index of soil quality. Chilean J
Agric Res 74: 96–104.
Lehninger AL, Nelson DL, Cox MM (2005). Lehninger Principles of
Biochemistry. New York, NY, USA: WH Freeman.
Makoi J, Ndakidemi P (2008). Selected soil enzymes: examples of
their potential roles in the ecosystems. Afr J Biotechnol 7:
181–191.
Martens DA, Johnson JB, Frankenberger Jr WT (1992). Production
and persistence of soil enzymes with repeated addition of
organic residues. Soil Sci 153: 53–61.
Masciandaro G, Ceccanti B, Ronchi V (2000). Kinetic parameters
of dehydrogenase in the assessment of the response of soil to
vermicompost and inorganic fertilizers. Biol Fertil Soils 32:
35–48.
Megharaj M, Singleton I, Kookana R, Naidu R (1999). Persistence
and effects of fenamiphos on native algal populations and
enzymatic activities in soil. Soil Biol Biochem 31: 1549–1553.

Michaelis L, Menten ML (1913). Kinetik der Invertinwirkung.
Biochemische Zeitschrift 49: 333–369.
Mikayilov FD (2011). Definition of kinetic parameters of enzymatic
processes in soil. Soil Science and Agrochemistry. Proc Azer
Nat Acad Sci 20: 74–79.
Paulson KN, Kurtz LT (1970). Michaelis constant of soil urease. Soil
Sci Soc Am Proc 34: 70–72.
Powers LE, McSorley R, Dunn RA (1993). Effects of mixed cropping
on a soil nematode community in Honduras. J Nematology 25:
666–673.
Riethel FJ (1971). Ureases. In: Boyer PD, editor. The Enzymes. Third
edition. New York, NY, USA: Academic Press, pp. 1–21.
Rowell DL (1996). Soil Science: Methods and Applications. Harlow,
Essex, UK: Longman Scientific & Technical.
Sannino F, Gianfreda L (2001). Pesticide influence on soil enzymatic
activities. Chemosphere 45: 417–425.
Sarathchandra SU, Watson RN, Cox NR, DiMenna ME, Brown JA,
Burch G, Neville FJ (1996). Effects of chitin amendment of soil
on microorganisms, nematodes, and growth of white clover
(Trifolium repens L.) and perennial ryegrass (Lolium perenne
L.) Biol Fertil Soils 22: 221–226.
Schmutterer H, Singh RP (2002). List of insect pests susceptible to
neem products. In: Schmutterer H, editor. The Neem Tree:
Azadirachta indica A. Juss and Other Meliacious Plants;
Sources of Unique Natural Products for Integrated Pest
Management, Medicine, Industry and Other Purposes. Second
edition. Mumbai, India: Neem Foundation, pp. 411–456.
Schnell S, Maini PK (2003). A century of enzyme kinetics: reliability
of the KM and Vmax estimates. Comments Theor Biol 8: 169–187.
Shaffer A (1993). Pesticide effects on enzyme activities in the soil
ecosystem. In: Stotzky G, Bollag JM, editors. Soil Biochemistry.
Vol. 8. New York, NY, USA: Marcel Dekker, pp. 273–340.
Simon-Sylvestre G, Fournier JC (1979). Effects of pesticides on the
soil microflora. In: Brady NC, editor. Advances in Agronomy.
Vol. 31. New York, NY, USA: Academic Press, pp. 1–92.
Sing RP, Sing PP, Nair KPP (1991). Studies on controlled release of
N fertilizers and nitrification inhibitors. Indian J Agric Res 25:
59–62.
Speir TW, Kettles HA, Parshotam A, Searle PL, Vlaar LNC (1999).
Simple kinetic approach to determine the toxicity of As[V] to
soil biological properties. Soil Biol Biochem 31: 705–713.
Tabatabai MA (1973). Michaelis constants of urease in soil and soil
fractions. Soil Sci Soc Am Proc 37: 707–710.
Tabatabai MA (1994). Soil enzymes. In: Weaver RW, Angle S,
Bottomley P, editors. Methods of Soil Analysis. Part 2.
Microbiological and biochemical properties. SSSA Book Ser.
5. Madison, WI, USA: Soil Science Society of America, pp.
775–833.
Yang-Fang Y, Hang M, Xiangchi Z (2004). Effects of mefenacet on
microbial respiration and enzyme activities in paddy soil. Acta
Pedologica Sinica 41: 93–96.
Yao X, Min H, Lu Z, Yuan H (2006). Influence of acetamiprid on
soil enzymatic activities and respiration. Eur J Soil Biol 42:
120–126.

983

